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EFFECT OF CONTROL TBAILIF-G-EDGE TEICKNESS OR ASPECT 

CONTROL AT TRANSONIC SPIEDS 

By William C .  Moseley,  Jr.,  end  Robert F. Thompson 

Free-oscillation  tests  were  nade  in  the  Langley  high-speed 7- by 
10-toot twnel to  determine  tle  effect  of  control  trailing-edge  thick- 
ness  and  control  aspect  ratio  on  the dynamic binge-moment  characteristics 
of a trailing-edge, flaptype control.  The  semispm-wing-control  model 
had  en  aspect  ratio  of 1.80, a taper  retio of 0.74, Oo sweep of the 
0.40-chord  line,  and a modifFed NP"A 644-004 airroil  section.  The  total 
control  chord was 30 percen-L  of  the  wing  chord,  and  the  controls  $-ere 
hiwed at  the 0.778 uing-chord  line.  Tests  at  Mach  numbers fkom 0.60 
to 1.01 were  made for a range of oscillation  retiuced  frequency  at an 
&ngle  of  attack of 0'. 

Aerodynamic damping in  the  control rotatiom1 d e  was unsteble  for 
the  original  or  basic  control  configuration  previously  investigated. 
Results of the  preser-t  investigstton  indicate  that  either  increases in- 
control  trailing-edge  thickness  or  decreases in control  aspect  ratio  had 
a beneficial  or stebilhing effect  on  the  control  aerodynamic  damping. 
The  variation of the  aerodynamic  damping  &erivative  with  oscillation 
amplitude  was  generally  nonlinear  and  the  ampli-iude  over  which  the 
daring was  stable  iccreased  with  increasing  trailing-edge  tln_ic+ess  or 
decreesing  aspect  retio. The one-degree-of-freedom  control-surface 
flutter of the  nodel  could  be  el-imiczted  for  all  test  coDditions  by 
proper  choice of control  trailic*-edge  tlrlichess or control  asgect  ratio. 
Oscillating  the  control.  had  only small effects on the  aerodynazic  in-phase 
or spring-nonent  derivatives  for  tie  test  range of control pareters. 
The  gagnitude  of  the  variation  in  spring-tnornent  derivative  with  Mach nun- 
ber  at  transonic  speeds  vas  decreased  by increashg the  coztrol  trailing- 
edge  thickness  or  decreasing  the  cor-trol  aspect ra t io .  The effect of 
coctrol  aspect  ratio on the  dynamic  hinge-moment  derivatives is in qual- 
itative  agreement  with  existing  unsteady  flov  tneory. 
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Oscilletory  hinge-norrent  data  on  flap-type  controls  are  needed  in 
flutter  and  servo-control  analyses.  These  data  are of particular  inter- 
est  at  trznsonic  speeds  where  previous  work  has  shown  that  the  aero- 
dynamic  damping  in  the  control  rotational Illode is  often  unstable. A 
single-degree-of-freedom  control-surface  flutter  (often  called  "buzz") 
can  exist  if  this  unstable  aerodynarnic  damping  exceeds  the  stable  danrging 
from nomerodyxarric  sources.  The  addition of sufficient  nonaerodynalrlc 
hqping to t'r-e control  system  to  prevent  flutter  generally  results  in 
mechanical  conplexities an6 it  would  therefore  be  desira5le  to  stabilize 
the  control  aerodynamic moxnts by some choice  in  geoTetric  shape  if  con- 
trol efficiency  can  be  maintained. 

The  investig&tions  reported  il?-  references 1 to 3 were  made  on  an 
unswept  wing-control  model  to stuQ the  effects  of  control  hinge-line 
position  and  some  control-profile  modifications or? the  control  oscil- 
latiDg  hinge  moments. From these  investigations,  it  was  determined  that 
soae  beneficial  effect  on  the  control  aerodynamic  danping  at  transonFc 
speeds  was  obtained  wi%h a control  grofile,  wherein  the  control  was 
thicker  et  the  trailillg  edge  than  at  the  hinge  line. 

The  present  investigation is essentially a continuation of the  work 
reported in references 1 to 3 .  The  same  wing-control  model  was  used  end 
two  groups  of  tests  were  made.  One  part  of  the  investigation was to  study 
control-profile  effects,  wherein  the  controls  tested  h&d  trailing  edges 
thicker  than  the  control  previously  reported  in  reference 3.  A second 
part of the  investigation  provided infomition  on  control-aspect-ratio 
effects,  wherein  conver:tional-profile  controls  were  tested an6 the  con- 
trol span was  reduced  relative  to  thgt  of  the  controls  previously  investi- 
ggted by cutting  off  the  outboard  portion of the  control.  The  effects 
of  control  aspect  ratio  were  considered of interest,  since  theoretical 
results  reported  in  references 4, 5 ,  and 6 indicate  that  refiucing  the 
aspect  ratio  has a stabilizing  effect  on  the  damping  due  to  harmonic 
oscillations  in  pitch  of  rectangular  surfaces  (wings  and  ailerons)  at 
higQ  trazxonic  and  supersonic  speeas.  It  should  be  pointed  out,  however, 
that  the  aspect-ratio  modification  to  the  present  control  introauces  con- 
trol  spanwise  position  as a test  variable  in  addition to the  changes  in 
control  aspect  ratio. 

A free-oscillation-test  technique  was  used  and  oscillating  hinge 
monents  were determbed at  an  angle of ettacir of 0' for  the  following 
conditions: e. rmge of control  reduced  frequencies,  oscillation  ampli- 
tuiies up  to l 3 O ,  and a Mach nulliber range from 0.60 to 1.01. For cases 
where  coixLrol  flutter  occurred,  flutter  amplitudes and frequency were 
determined. In acdition,  static  hinge  moments  were  obtained  for  all 
con-crols . 
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b 

C 

'a 

'b 

CA 

'h 

ach 
C'lS - as - 

control   aspect   ra t io   (codzol  span  squared  divided by t o t a l  
control  area) 

twice  span of serdspan model, ft 

loca l   Hng chord, f t  

locel  control chord (distance from hinge l ine   res ruard   to  
t r a i l i ng  edge of control), ft 

local  belance chord  (distm-ce f r o m  hinge l i n e  fomzrd t o  
leadic& edge of colztrol), f t  

total   local   control  chord, (cb + ce) , f t  

coEtrol hinge-moment coefficient, Hinge noaent 
2M' a_ 

%,a - 

'%,a - 

- part Of '5, per rzdi" 
2" q 

the subscript cu indicztes 

I-z~,gimry part of -% 
2M' qk 

an oscillatory  coefficient 
- , per  radian 

f frequency of control  oscillation, cps 

f0 control wind-off mtural fYequency, cps 

- i 

k 

M 

rnoxent of inertiz. of conkro~ systeq slug-& 

control reduced  frequency where c t  i s  taken a t  mid- 2v ' 
span  of control 

effective test Mach  number over spm of model, 

average  chordwise loca l  Mach nunber 
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¶ 

Sl 

v 

Y 
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area moment of control  area  rearward of and  about  hinge 
line,  cu f-L 

aerodynamic  hinge  moment  on  control  per n i t  deflection, 
positive  trailing  edge  down,  ft-lb/radian 

free-stream  dynamic  pressure,  lb/sq ft 

twice  wing  area  of  semispan  model,  sq  ft 

I-ee-stream  velocity,  ft/sec 

spanwise  distance  from  plane  of  symn;etry,  ft 

control-surface  deflection,  measured  in a plane  perpendicular 
-to control-surface  hinge  line,  positive  when  control-surface 
trailing  edge  is  below  wing-chord  plane,  radians  except  as 
noted  otherwise 

amglitude of control  oscillation,  degrees  to  each  side of 
m e a r b  control  deflection 

logarithmic  decrement, 
d( time) 

control  trailing-edge  angle  (included  between  sides  which 
form  trailing  edge),  de@; 

angular  frequency of oscillation, 2zf, radhns/sec 

MOD= AND APPARATUS 

The msodel  consisted of a sedspan wing  with  tip  store, a trailing- 
edge  flap-type  control,  an& a conkrol-system  spring-deflector  mechanism. 
A schematic  drawing  of  the  test  installation  is shown in figure 1, and 
general  dimensions of the  nodel  with  various  controls  tested  are  given 
in  Tigure 2. A photograph  showing  the  general  test  installation in the 
tunnel  is  shown  as  figure 3 .  The  control  system  was  designed so that 
its moment of iner+,ia  could  be  varied  in  order  to  neasure  the  dynamic 
hinge  moments  and  flutter  characteristics fo r  a range  of  control  reduced 
frequency . 
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Wir~ Details 

The wing hed a  full-spa"  aspect  ratio of 1.80, a taper r a t i o  of 0.74, 
Oo sweep of tine 0.40 chord l ine,  and a n  NACA &AO& airfoil   section  with 
a modified t r a i l i ng  edge. The portioc of the wing reemard of the 
0.70 chord l i ne  was  modified so  tbt the t r a i l i n g  edge had e thickness 
equal t o  0.0036~. This modificetion was included for the  present tests 
t o  provide  consistency w i t h  the models tested Fn reTerences 1 t o  3.  

The wing vas  constructed with s s o l i d   s t e e l  core end a p l a s t i c  s u r -  
face. A l l  t e s t s  were made with a t i p  store attached t o  toe wing, and 
stores of aifferent  veight  vere used t o  vary the wing -natural  frequencies. 
The natural  first benciing md torsion  frequencies of the wing with the 
two t i p  stores are  given i n  teble I. These frequencies were obtained 
with the  control system spring  clssped as shown in  f igure I-. 

Control-System Details 

The flap-type  controls had a t o t a l  chord c t  equal t o  30 percent 
of the wing chord  and were hinged a t  the 0.778 wing-chord l ine .  The 
co_n"trols had a 0 . 3 5 ~ ~  blunt-overhaag  bslznce and the gap between the 
control end the wing w a s  unsealed. The thickened  trailing-edge  controls 
( f ig .  2(a)) extev-ded from the O.O86b/2 wing s ta t ion t o  the 0.&3b/2 wing 
s ta t ion.  These controls,  vhich  are referred t o  as "wedge controls," had 
streight  sides %om the cose  redius t o  the  t ra i l ing edge. The included 
engle $!i between the upper and lower surfzce WES 6 . 5 O  for one  wedge and 
100 for  the other. The  controls ha6 a s t e e l  spar and a  spruce  efterportion. 
In  order t o  mss balance  the  controls,,  tungsten  inserts were dis t r ibuted  in  
the nose  overhang and the entire  control  surface was masped w i t h  silk. 

The re&uced-aspect-ratio  controls (f ig.  2(b) ) extended f r o m  tne 
o.o86b/2 wing s t a t ion   t o   e i t he r  the 0.692b/2 wing s ta t ion or the 
0.43jb/2 wing s t s t ion .  These controls k-ere  made of s t e e l  m d  the con- 
trol s r o f i l e  was r a in ly  determined by the model a i r f o i l  section. In 
ad6ition t o  the  tungsten  inserts it was necessary t o  drill holes  rear- 
vard of the hinge l iEe  in  order t o  mass balance t i e   s t ee l   con t ro l s  con- 
pletely.  These holes were f i l l e d  w i t h  balsa  before the control wzs 
covered with silk. 

A tang on the  inboard end of the control extended though  the rer"1ec- 
tion  plane t o  the  outside of the t w n e l   ( f i g .  1). The tang  extensioc 
consisted of a r d  acd a torsion  spring. The controlwcs mounted  by 
-Lwo bell bearings  outsi&e ths tunnel and a  plain  beering a t  the wing 
t i p .  System alicement was carefully checked t o  keep f r i c t i o n   t o  a d n i -  
num. Attached t o  the rod were a small azmBture of a reluctaace-type 
pickup used to  inaicate  control  posit ion an& a deflector  axmused  to - 
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apply a step  deflection to the  cor-trol  system.  The  natural  frequency 
of  the  control  system  was  varied  by  changing  the  monient of inertia  of 
the  control  system  by  clamping  weights  of  different  size and inertia  to 
the  rod.  The  moments  of  inertia  of  the  control  system  for  the  controls 
tested  are  given  in  table 11. The  variation  of  control-system  stiffness 
and  the  vind-off  natural  frequencies  are  given in figme 4 for the veri- 
ous  controls. 

Instrumentation 

Strain  gages  were  located  near  the  root  of  the  wing  to  indicate  tie 
wing  bending  and  torsion  responses.  Control  position  was  measured  by  the 
reluctance-type  pickup  located  near  the  inboare  end  of  the  control.  (See 
sketch  in  fig. 4.) Outputs of these  three  quantities  were  recorded  against 
time  by a recording  oscillograph. Dynamic calibration  of  the  recording 
system  indicated  accurate  response to a frequency  of  about 500 cycles  per 
second. 

TESTS 

The  tests  were  mede in the Ungley high-speed 7- by 10-foot  tunnel 
utilizing  the  sidewall  reflection-plane  test  technique.  This  technique 
involves  mounting a relatively small model on a reflection  plate  sgaced 
out f r o m  the  tunnel  wall to bypass  the  tunnel  boundary  layer.  Local 
velocities  over  the  surface of the  test  reflection  plate  allowed  testing 
to a Mach  number of 1.01 without  choking  the  tunnel.  The  tunnel  stagna- 
tion  pressure WELS essentially  equal  to  see-level  atmospheric  pressure. 

The  variation of Reynolds nmber based  on  the  wing  mean  aerodynamic 
chord  with  test  Mach nmher is  presented  in  figure 5.  The  width of the 
band  in  figure 5 represents  the maxim variation of Reynolds  nurber  with 
atmospheric  condition  at a given Mach number. 

Oscillating  hinge  moments  were  obtained for the  controls t'nrough a 
~ a c h  nmber range of 0.60 to 1.01 for  oscillation  araglitudes  up  to 
about 13'. The  range of cofitrol reduced  frequency k varied  with  Mach 
number  and  control-system  inertia  and  was  generally  in  the  range  from 
0.05 to 0.20. In  addition,  static  hinge  moments  were  obtained  for  all 
controls. A l l  tests  were  made  at a wing  angle  of  attack  of 0'. 

TEST TECHNIQUE AND REDUCTION OF DATA 

The  cantrol  system  was  designed so that  at  the  test  frequencies  the 
torsional  response of the  control  about  the  hinge  line was essentially 
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tha t  of e sirgle-degree-of-freedom system. Tne wing ressonse character- 
i s t i c s  were var ied  re la t ive  to  the control  oscil lation frequency by the 
choice of t ip-store weight so that the phgsical  respome of the m5el 
f o r  the various t e s t  con&itions was predominantly  control  rotation. There- 
fore, the aerodyl?arllic  nomen% resultir-g from angular  deflection or' the con- 
t r o l  about the hinge l i n e  could be determined from the free-oscillation 
characterist ics of the cor?"lrol system  subsequent t o  known s ta r t ing  condi- 
t ions.  Typicel oscillograph  records of t'le the response  of t-he model 
are sham iz figare 6 .  In this T i g u r e ,  the  wing motions indicated are 
snzll re let ive  to   the  control  motions. The mea= osci l la t ion amplitude 
fo r  t l r l s  investigetioc was very  near Oo def lec t ion   in  a l l  cases. 

The technique used t o   i n i t i a t e  the free osci l la t ions depended on 
the t o t a l  danping  (aerodynaaic  plus n o n a e r o m m c )  of the coll'crol system 
fo r  the par t icular  test  conditcon. When the t o t a l  damping was unstable 
z t  low deflections, the hinge mmeots were deterahed from the unstable 
oscil lation  folloving  release of the control =t 6 = 0' (Tig. 6( c) ) . 
This type of oscil l&tion vas i n i t i e t ed  by randon  tunnel i i i s t u r k c e s  and 
i n  a l l  cases  tested was self-limiting. When the   t o t a l  damping w a s  stzble 
or  veried from st&bie t o  unstable within the test  o s c i l l a t i o n - e l i t u d e  
range, the free  osci l la t ion w a s  i n i t i a t ed  by releasing the control a t  
some deflection  engle  (figs . 6(a) and (b) ) . The ensuing osci l la t ion WES 
either a buildrip or a decay, and, for  the condftions where the damping 
varied from stable t o  mstable, tifie init ial  deflectioz  or  release  angle 
was v.=ried so as t o   s t u w  the entire  oscillation-mplitude  range. 

Evaluation of Spring Moments 

The eerodynanic  in-phase or  spripG m m n t  was determined fYom the 
nat-mal frequency of osci l la t ion of the control system. Since the varia- 
t l on  of in-phase moment wit'n W l i t u d e  i s  not  fiecessarily linear and the 
t e s t  metnod w e s  not   suff ic ient ly  accur.zte t o  determine the var ia t ion   in  
natural  frequency with amplitude, the values 03 presented are 
effectFve  values averaged  over the znplitude range of the oscil lation. 
In t h i s  investigetion, the effect of t'ce values of damsing  on the n a t u a l  
frea-uency wzs considered  negligible, and the aerodymmic  spring-monent 
derivative w a s  deternined from the relationship 

%,a 

2" 9 

where the subscript o sFgnifFes a whd-off  conditio2. A s  shown by 
equation (I), negative  values of c ospose the colztrol displacemelzt 
end hence increase  the  st iffcess o r  nature1  frequency of t'ne control 
srcface . 

%m 
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Evalmtion of Danping Moments 
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The aerodynmic  out-of-phase or damping moment was determined from 
the   ra te  of buildup or decay of the free  oscil lation of the control 
system. The daxping morr?ent i s  not  necessarily  linear w i t h  amplitude; 
however, the damping resu l t s  were analyzed on the basis of an  equivalent 
l inear  system. It was assumed tha t  tine  -ping forces were adequately 
described by an equivalent  viscous damping and tha t  the time response 
of the  actual system was simulated by a l inear  system  having the appro- 
griate  amping  constant a t  each osci l la t ion amplitude ?or a given fre- 
qaency. The variation of dampicg-mment derivative  with  oscillation 
anplitude was obtained by plot t ing the logarithm 03 the amplitude of 
successive  cycles o r  the  oscillation  against time and talking the  sloge 
a t  any given  amplitude of the faired curves as the value of the  loge- 
ritbmic  decremnt h = of the  oscil lation. The aerodynamic 

d( t i m e )  
damping derivative was determined f'rorn the relat iomhip 

21v ( A  - A,) 
c%a = - q" C t  

I 

where the  subscript o refers  t o  wind-or'f values  teken at approximately 
t h e  same f'reqcency an6  amplitude as the wind-on values. 

Determisation of S ta t i c  Xi-nge  Moments 

S ta t i c  hinge moments were masured by restraining  the  control system 
in  tors ion wit? a cal ibrated  e lectr ic   s t ra in  gage  which neasured the 
tmque or moment about the  control  hinge  line f o r  various  control  deflec- 
t ions.  The s t a t i c  hinge-moment coefficient Ch w a s  determined from the 
relationship 

Ch = Hinge moment 
2M' q 

CORRECTIONS 

No corrections have been applied t o  the data for the c3ordwise and 
specvise  velocity  gradients or for the effects  of the  tunnel walls. It 
i s  shown in  reference 7 that E turmel  resonance phenomenon can appreciably 
decrease t3.e mgnitEde of forces an2 moments  measlared in oscil lation tests. 
However, it i s  believed  that this phenomenon had no appreciable  effect on 
the  res-dts of t i e  present  investigation. Irr genersl, most  of the  tes t  
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frequencies were w e l l  removed Trom the  calcizlated resonant frequencies, 
a d  there k%s no apparent  decrease i n  moments for  the test frequencies 
that were close t o  resonant  frequencies. It is  possible that the magni- 
tude of the resonant  efzects would be relieved by the model t i p   e f f ec t s  
and the  nonunifornity of the  velocity field in   the  test section. 

Static-control-deflection  corrections have been applied to   t he  out- 
p u t  of the  position pic-kup t o  give the deflection &t tne rridspm- of the 
control  surface  for the s t&t i c  tests. No dyz&rnic correctiom heve been 
applied  to t'ne oscillatory  data t o  EccoUnt for  the t w i s t  of the  control 
system  outboard of the  position pickup ( f ig .  4) since, fo r  the physical 
constants and frequencies  involved, this was considered a secondary 
effect .  

Dmping Monzents and Flutter  Charecterist ics 

Tne variation of: aerodpanic damping &erivative Cbg,a with oscil-  
b t i o n  amplitude arld Mach  number togetner with associated  f lut ter  charac- 
t e r i s t i c s  i s  presented in   f igures  7 md 8 for the wedge controls and i n  
figures 9 an& 10 for  the  reduced-aspect-ratio  controls. Parts (a),   (b) , 
md (c) of these  figures  present ciata l o r  the different  control reduced 
frequencies  investigated. In figures 11 an& 12  typical aerodynamLc 
damping resu l t s  f ron  the pre6eE-L investig&tion  are compared w i t h  previ- 
ously  reported  results fran reference 3 t o  i l lustrate  the  efTects of the 
chznges in  control geometry investigated. 

Wedge controls.- -4s shown i n  T i g u r e  11, the aerodynamic damping i n  
Tie  control rotatiozml mode w a s  unstable  for  the  conventiond  control 
prof i le .  Results of the present  investigation  indicate th-i increases Fn 
the  control  trail ing-edge  thichess had a beneficial   or  stabil izing  effect  
on this cor-trol serodynamic  danging. The generzl  variatioz of damping 
derivative w i t h  o sc i l l a t ion   Wl i tude  and Mach  number for  the $d = 6.5O 
and loo wedge colltrois reported  herein  (figs. 7 and! 8) w a s  similar t o  
the  vzrietioz  previously  reported  in  reference 3 for  a # = 3.75O wedge 
coz~trol, md  the primary e f fec t  of increasing the control wedge angle 
above 3.75' was t o  increase  the  oscillation  amplitude over whtch the con- 
irol aerodynanic  dmping w a s  stable a t  transozic test speeds. 

Aerodymznic  damping for  the 9 = 6.5' wedge coctrol (I'ig. 7) was 
s t ab le   a t  a l l  test conditions for oscillation  mplTtudes up to about 6O, 
azd there w e s  E general tendency f o r  the  level  of stzble  darning t o  
Cecreese with an ir-crease i n   e i t h e r   t e s t  Mach  number o r  osci l la t ion 
anplitude. The variation of C G , ~  w i t h  amplitude w a s  usually more 
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nonlinear  at  trmsor?ic  Mach  numbers  and  the  variation  of CG with 
Mach  number  was  erratic  at  these  speeds.  Decreasing  the  test  reduced 
frequency  generally  h&d a destabilizing  effect  on  the  aerodynanic  damping, 
especially  at  higher  oscillstion  amplitudes  at  transonic  Mach  numbers. 

,u 

AeroQranic  damping  for  the !$ = loo wedge  control  (fig. 8) was 
stable for all  test  conditions.  At  the  high  reduced  frequency  (fig. 8(a)) 
there  was  no  tendency for the  demping  derivative to decrease  with  increasing 
oscillation  smplitude  at  transonic  speeds;  however, C&,u did  decrease 
with  increasing  amplitu2e  at  the  lower  reduced  frequencies  (figs.  8(b) 
and 8( c) ) with  the  aerodynamic  damping  near  neutral for  the  higher  test 
amplitudes  at tramonic speeds. 

No xodel  flutter  was  obtained  for  either  of t'ne wedge  controls 
reported  herein. For the  large-control-deflection  conditions  where  the 
aerodynamic damping  was  slightly  unstable  for  the # = 6.5O wedge  con- 
trol,  the  stable  damping fram nonaerodynavic  sources  present  in  the  con- 
trol  system  was  suflicient  to  prevent  flutter. 

Reduced  aspect-ratio  controls.-  The  controls  used for the aspect- 
ratio-effects  investigation  had  so-called  conventional  profiles  dictated 
by  the  wing  airfoil  seczion.  Data  for  the  aspect-ratio-2.55  control 
(fig. 12) were  obtained  from  reference 3, wherein  tne  control.  covered a 
large  portior-  of  the  test  model  span.  The 1.74- and  0.96-aspect-rstio 
controls o r  the  present  investigation  (figs. 9, 10, and 12) were  essen- 
tially  modifications  to  the  control of reference 3 with  the  position of 
the  inboard  end  of  the  control c o m n  for all three  controls. 

Aerodymmic daxgicg  for  the  aspect-ratio-1.74  control  (fig. 9)  was 
stable  for  all  test  oscillation  anplitudes  for Mach numbers  up  to 0.94. 
Increasing  the  test "ach n-aber above  about 0.90 had a large  destabi- 
lizing  effect  on  the aerodymmic damping  for this control  and  the  damping 
was  unstable  in  the  test  speed  range from about M =  0.93 to M = 1.01, 
the  naxin?urn  speed l o r  tiiis  investigation.  Decreasing  the  test  reduced 
frequency  generally  increased  the  magnitude  of  the  unstable  aerodynanic 
dmqing Serivative C G , ~ .  In the  test  region  where  the  aerodynam€c 
dunping  was  unstable, Cl$,u, decreased  with  increasing  anplitude end a 

limited  anplitude,  single-degree-of-freedom  model  flutter  response 
occurred.  Flutter  was  initiated  in  all  cases  by  random  tunnel  disturb- 
ances  upon  release of the  control  system  and  the  flutter  amplitude  as 
indicated  in  the  model  flutter  tables  on  figure 9 varied  witn  Yach num- 
ber,  reduced  frequency,  and  the  level of nonaerodynamic  damping  existing 
in  the  control  system. 

Aerodynamic dm9ing f o r  the  aspect-ratio-0 4 6  control  (fig. 10) was 
stable  for all test  conditions  except  for  the small region  shown  on 
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figure  1O(c). In this  case,  for  the  lowest  reduced  frequencies of the 
tests, swll unstable  velues of CG were  obtained  at  the  higher  test 

,a 
Fach  numbers  for  oscillation  amplitudes less than about 2'. The  model 
did  not  flutter  for  these  test  conditions  since  the  stzble  nonaerodymmj" 
damping  present  ic  tie  system  was  sufficieot t o  overcoae  the small amount 
of  unstable aerodynmic hmping. 

The summs~ly results shown in figure 12 for  representative  test  con- 
ditiozs  illustrate  the  stabilizing  effect  on  the  aerodynamic  damping  Ln 
the  control  rotational  mode  et  trensonic  speeds  due to decreasing  the 
colztrol  aspect  ratio on this  model.  Sinilar  stabilizing  effects  due  to 
decreasing  aspect  ratio  have  been  obtained for results comuted by lin- 
earized  theory  for  compressible  unsteady  flow.  These  calculated.  results 
for  the aerodyndc damping  Cue  to  harmocic  oscilletions  in  pitch  of 
rectangular  surfaces m y  be  found in references 4, 5 ,  m d  6.  Refer- 
ecces 4 and 5 treet  the  finite  rectmqgLLar  wing and reTerence 6 is  essen- 
tially  an  extension  of  reference 5 to  include a rectanguim aileron.  It 
is  cocsidered  of  interest  to  compare  the  results  computed  for  supersonic 
flow  in  references 5 and 6 with  the  high  Mach nuzllber test  results of the 
-€sent  ilzvestigction,  since  model  thickness  increases  the  local  surface 
velocities  over  the  model.  Results of reference 1 for  the  test mael 
indicate  that  Local  surface  velocities  exceed M = 1.0 fo r  s"ree-stream 
velocities in excess of M = 0.90. In computing  the  loadilzg on a finite 
s-urr"ace  in  suTersonic flow, the  surface  is  di-vided  into  regions of "purely 
supersocic"  and  "mixed.  sEgersonic" flok-. (See,  for  example,  ref. 8.) 
For  the  cese or" the  present eeerimental investigation  There  the  wing 
rerzleins  essentially  sL&tionz-ry at a = Oo, the  "&xed  supersol?ic"  flow 
region  on  the  control  surface  Lies  within  the  Mach  cone  emanzting from 
the  control  tip. Of particuhr significance  to  the  present  investigation 
are the tleoretical  results  at low supersonic  speeds,  which  indicate s 
stcble  phase m-gle f o r  the  da-Fng moment associated  with  the  loading  in 
the  "mixed  supersonic"  flow  region  end  an  unstable  phase  angle for  the 
moxent in  the  r'puTely  supersonic" flov region.  Since  for a given  super- 
sonic  Mach nwber, decreasing  tne  control  aspect  ratio  irxreases  the 
ratio of "mixed  supersonic"  to  "purely  supersonic"  flow  over  the  control 
swface, the  stabilizing  effect  due  to  aspect  retio  becomes  apparent. 
At  these  higher  test  speeds,  the  effects of control spawise position 
are  believed  to  be snell relative  to t'ne espect-ratio  effects  for  the 
test  conditior-s 03 this  model.  Control  tip bamdaqr conditiom were 

. sindlar for  ail  control  spans  a_n-d  the  influence  of  the  upstream  wing 011 
the  control  ascfllstory  loads  would  pro'oably  be small at  these  speeds. 

As is  usually  tle  case,  several  dffferences  exist  between  experi- 
mentzl and  theoretical  conditions.  Contrery  to  experinent,  theory  is 
based  on snall perturbations  to t'ce main  flow  and  the  flow  is  assuned 
to  be  nonviscous,  unsesara-led,  znd  free fro= strong shocks. In addition, 
<?e  "mixed  supersonic"  flow  region  defires  the  zone  of  influence  between 
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the upper and lower surfaces. Thus, the  loading  in  this  region i s  influ- 
enced by the boundary conditions a t  the  control t i p ;  tha t  is, the  loading 
depends on whether t h e   t i p  is  free or adjacent  to a portion of the wing 
or fuselage. Soxe  compromise i s  made i n  the theory (see ref. 8) for the 
tip-bozndary  con5ition where the control i s  adjacent  to  the wing as we6 
the  case  for t h i s  experimental  investigation. The overall   effects of 
t'nese differences between t e s t  and theory are not known. A number of 
previous  investigstions (for exaaple, see ref .  9 )  have associated the 
unstable damping i n  the control  rotational mode a t  trsnsonic speeds with 
the presence of shock waves. The nonlinear  nature  of  tne aerodynamic 
resu l t s  measured i n  the present  experimental  investigation  indicate tha t  
such gossible  nonpotential  factors as viscosity,  sepmation, and shock 
waves can have e strong  influence on the masured  results.  However, the 
quali tetive agreement between t'ne general  effects of aspect   ra t io  as 
measured i n  the present test resu l t s  end as predicted by existing  theory 
is  considered t o  be significant.  A similar conclusion was reached on the 
e f fec t  of hinge-lim  posit ion  in  reference 2. ThereTore, the  present 
results  again  tend t o  indicate that the aerodynamic w i n g   i n  the con- 
t ro l   ro t a t iona l  node is strongly dependent on potential  or  idealized  flow 
ef fec ts  and that existing tiieory c m  serve as a useful  guide. 

.. 

Spring Moments - 
Sta t i c  hinge-monent or spring-moment coefficients  are  plotted  against 

control  deflection in figure 13 for tine  wedge controls and i n  figure 14 
fo r  t3e variable-aspect-ratio  controls. The variations of the s t a t i c  and 
dynamic  spring-moment derivatives C% and C k  w i t h  Mach nmiber are 
shown i n  2igure 15 for the wedge controls and in   f igure  16 for  the  variable- 
aspect-ratio  controls,  together w i t h  comparative results from reference 3 .  

J U  

Wedge controls.- The variation of ch w i t h  6 was similar for both 
the @ = 6.5' and # = 10' wedge controls  (f ig.  13) and was fa i r ly  lin: 
ear for  a deflection  range of  about k5O throughout the Mach  number range. 
Static  derivatives  (fig.  15) for  the wedge controls were averaged  over 
t h i s  approxinate  deflection  range, and the effects  of wedge angle  for 
the  range of the tests t o  date on this model can be determined by corn- 
paring  results  in  f igure 15 w i t h  the  aspect-rstio-2.55,  conventional- 
profile-control  results shown on figure 16. The wedge modification t o  
che prof i le  shifts C b  i n  a negatlve  direction (more underbalanced) 
i n   t h e  subsonic speed range with most of the sh i f t  occurring for the 
$j = 3.750 control. At transonic speeds, wedge mgle  has  generally 
small effects  but  in  the  opposite  direction  ( increasing  shifts  C% 
i n  a 3osit ive  direction).  Thus tiie  mgnitude of the  typical  rearward 
chordwise shift in  control  loading as the Mach  number is  increased from 
subsonic t o  supersonic  flow i s  redaced by increasfng  the  control 



divergence wedge =@e. As a resu l t  of the t n e  of t e s t  technique used, 
it vas  generally  necessaxy t o  average the   o sc i lk t ing  spring-monent derLv- 
a t ives  over e dFffereEt  deflection  range than the  s ta t ic   der ivat ives .  
This could  introduce some di l ferences  in   tne  s ta t ic  and dynamic spring- 
moment derivatives as presented. However, for  the range of -&ese tes t s ,  
oscillating  the  control  generally had small effects  011- the serodynamic 
spring-moment derivatives. Thus, fairly  accurate  cootrol frequency 
response  estimates  cogd be mede f o r  these wedge controls based on s t a t i c  
aerodynanic spring-moment derivatFves. 

Varieble  aspect-ratio  coctro1s.-  Static  derivatives fo r  the reduced 
aspect-ratio  controls (I'ig. 16) were also averaged  over a deflectfor- range 
of about k5° ( f ig .  14 ) .  Decreasfng the  control  aspect ratio generally hed 
a balzncing  (positive  illcrease  in the derivative)  effect on both  the  static 
znd oscillating  sgring-mnent  derivatives, w i t h  the  efzect becomlng quite 
large et the h1g-h-er t e s t  Mach numbers. A t  subsonic test sseeds, sore of 
t h i s   e f f ec t  could possibly be due t o  control spanwise position,  since  the 
loading induced on the wing  and control. would be affected by the flow 
=bout the wing t i p .  Hovever, a t  the higher test speeds where the local  
surface  velocities become supersonic, the effect  of coctrol spanwise posi- 
t i on  is  believed t o  be small from consideration of the  fact  that tine 
control-tip  bomdaries  are similar for a l l  three  controls. T h i s  balancing 
tendency with decreased  aspect r a t i o  is probably  associated wi th  the 
decrease i n  loacling due t o  f l o w  about  the  control  tips, the re la t ive  
nagnitude of which iccreases &s the cor?troS aspect  ratio  decreeses. For 
the cornbinetion of hfpge-line  position and espect  ratios of the t e s t  coa- 
trols,   decreasing  the  coctrol  aspect  ratio  to 0.96 ( f ig .  16) overbalanced 
the  control t'mough a portioc of t'ie  speed  range md fo r  the Mach  number 
range or" the tests consiiiersbly  decreesed the rearward chordwise s h i f t  
i n  loading  generally  associated w i t h  the  transit ion f r o a  subsonic t o  
supersonic speeds. Oscillati-ag these variable  aspect-ratio  controls 
generally had small effect  on the  eerodpanic spring-moment derivatives, 
and the  effect  of aspect   ra t io  on the dynamic in-phase derivatives is in 
q u d i t a t i v e  aGreement w i t h  theoretical  results presented in  references 4, 
5 ,  and 6. 

Results of t e s t s  a t  Mach nmbers from 0.60 t o  1.01 t o  determine  the 
effects  of either  trailing-edge  thicb-ess or espect  ratio of controls on 
the osci l le t ing hinge-moment an& f lu t te r   charac te r i s t ics  of a f l a p - t n e  
control   hdicete  the following  conclusions: 

1. Increasing  the  control  trailing-edge  thickness had a s tabi l iz ing 
effect  on the  unstable aerodynamic dmtping present  in  the  control  rota- 
t i o n a l  mode a t  transonic speeds for the basic  control  profile. The - 
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variation of aeroclynamic  damping  with  oscillation  anrplitude  was  nonlinear, 
and  the  amplitude  over  which  the  damping  was  stable  increased with 
increasing  thickness. 

2. Decreasing  the  control  aspect  ratio  (by  cutting  off  the  outboard 
portion of t'ne control)  also  hzd a stabilizing  effect  on  the  control 
aerodynamic  damping  at  transonic  speeds.  Changing  the  control  aspect 
ratio from 2.55 to 0.96 generally  stabilized  the  damping f o r  the  present 
test  conditions. 

3 .  One-degree-of-freedom  control-surface  flutter of this  model  could 
be elinhated for all test  cocditions  by  proper  choice  of  control  trailing- 
edge  thickness or coni;rol  aspect  ratio. 

4. Oscillating  the  control had fairly smell efrects on the  aero- 
dynadc in-phase or spring-moment  derivatives  for  tie  range of control 
parameters  tested. 

5.  The  magnitrzde  of  the  variation  in  spring-moment  derivative  with 
Mach  number  at trmsonrc sseeds was decreased by increasing  the  control 
trailing-edge  thickness or decreasing  the  control  aspect  ratio. 

6.  The efI'ect of aspect  ratio on the  control Qnapic hinge-moment 
cierivatives  is  in  qualitative  agreement  with  existing  unsteady  flow  theory. 

Langley  Aeronautical  Laboratory, 
National Advisory Committee for Aeronautics, 

Langley  Field,  Va.,  February 12, 1958. 
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TABLE I. - NATuIiAL FIRST BENDING A i i  TORSION 

3XEQUENCLES OF WING 

NACA RM L58B25 . 

Test  Codit  ion 

A = 1.74 contrcl fplm l i gh t   t i p   s to re  
@us hemy t i p  store I 

A = 3.96 control i 
i p h s   l i g h t   t i p   s t o r e  
lplCs heavy t ip   s to re  I 

TABU I1 - KOKEZTS OF INERTIA OF COEI!ROL SYSTWS 

Control System 

# = 6.5' wedge control 
@ = 5.5: weQe control plus s m a l l  i-n-ertia weight 
$$ = 6 . 3  wedge control  Flus lmge i ne r t i a  weight 
@ = 10' weage control 
$$ = 13' xedge control 21us smll iner t ia  weight 
@ = 10' wedge c m t r o l  plus large  iner t ia  weight 
A = 1.7'4 con-lrol 
A = 1.711. ccctrcl  21cs smll i ne r t i a  weight 
P. = 1.74 ccntrol p h s  large  iner t ia  weight 
A = 0.96 control 
A = 0.96 control plus mall iner t ia  weight 
A = 0.96 control  plus  imge  icertis. weight 

I, slug-ft 2 

1.50 x 10'5 
3.46 

10 77 
1.33 
3.29 
LO. 60 
1.42 
3.39 
LO. 70 
1.13 
3.10 
LO. 40 
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Figure 1.- SchemLic drawing of tes 
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WING DATA 

Are a 
Aspect ratio 

Toper rat io 
Mean oerodynamlc chord 
Airfoi l  section  parallel 
to free stream 

0.558 sq ff 
I80 
0 74 

0564 ft 
NACA 654004 

(modified) 

, Plastic 

+=loo 

S e c t l o n  A-A 

0 I 2 - 
Scale ,inches 

(a) Thickened trailing-edge controls. 

Figure 2.- General dimensions of model. 
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WING DATA 

A rea 0558 sq f f  2 
Aspect ratlo I. 80 r 
Taper ratio 0.74 ii 
Mean  aerodynamic chord 0.564 f t  N 

UI 
Alrfoil section parallel N A C A  64A004  

t o  free stream  (modified) 

Sec f ion A-A 

0 I 2 - 
scale, inches 

I 
(b) Reduced-aspect-ratio controls. 

Figure 2. - Conc1.uded. 
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L- 86715 
Figure 3.-  Photogrqh showing general arrangement of model and reflec- 

tion plate. 
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Figure 4.- Control-system  stiffness and frequency  for  various conLrols and inertia weights. 
(Stiffness  applies to both conventional and wedge profiles.  ) 
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.7 .8 .9 /. / 
Mach number, M 

Figure 5.- Variation of Reynolds number w i t h  Mach number. 

’ 



(a) Wind-off;  control releesed at 6 = loo. 

(b) M = 0.70; control released at 6 = loo. 

( c) M = 1.01; coll trol  released zt 6 = Oo. 
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